Efficient syntheses of quinoxalines from the reaction of α-hydroxy ketones and ophenylenediamine in acetic acid via two methods, a thermal procedure and by microwave irradiation, are described.
Introduction
The synthesis and chemistry of quinoxalines have attracted considerable attention in the past ten years.
1,2 Some of them exhibit biological activities including anti-viral, 3a anti-bacterial, antidepressant, 3g anti-HIV, 3d and as kinase inhibitors. 3h,3i They are also used in the agricultural field as fungicides, herbicides, and insecticides. 4 Also, quinoxaline moieties are present in the structure of various antibiotics such as echinomycin, levomycin and actinoleutin, which are known to inhibit the growth of gram positive bacteria and they are active against various transplantable tumors. 5 In addition, quinoxaline derivatives have also found applications in dyes, 6 efficient electron luminescent materials, 4,7a organic semiconductors, 7b chemically controllable switches, 7c building blocks for the synthesis of anion receptors, 7d cavitands, 7e and dehydoannulenes. 7f They also serve as useful rigid subunits in macrocyclic receptors in molecular recognition. 6a most common method is the condensation of an aryl 1,2-diamine with a 1,2-dicarbonyl compound by heating in a solvent for 2-12 h. The yields of products are between 34-85%. 8a Improved methods have been reported for the synthesis of quinoxaline derivatives including a Bi-catalyzed oxidative coupling method, 11 a microwave procedure, 13 and α-hydroxy ketones as reactants in the synthesis of quinoxaline derivatives. In all cases, they were obtained aromatic quinoxalines. We were interested to examine the synthesis of quinoxalines by heating in acetic acid and under the influence of microwave irradiation and we report here that this led to a change in the results and gave rise to novel quinoxalines.
Result and Discussion
Recently we have developed new and powerful methods for the synthesis of pyrroloisoindoles, 18 pyrazoloisoindoles 19 and pyrrolizines. 20 Now we have investigated the synthesis quinoxalines using of o-phenylenediamine and α-hydroxy ketones as reactants in acetic acid via two methods: microwave irradiation and simple heating. As outlined in Scheme 1 and Table 1 , the reaction of o-phenylenediamine and α-hydroxy ketones 2a-e in refluxing acetic acid gave only compounds 4a-e and the same reaction with α-hydroxy ketones 2f,g gave only compounds 3f,g. 
Scheme 1
Some representative results are summarized in Table 1 , and the following procedure is typical: a mixture of o-phenylenediamine 1 and benzoin 2a in acetic acid was heated to reflux for 2 h. After cooling to room temperature, the reaction mixture was poured in to cold water, extracted with dichloromethane, the extract dried with calcium chloride, and the solvent evaporated under reduced pressure to afford the crude product. 2,3-Diphenylquinoxaline 4a was obtained after recrystalisation in ethanol as white needles. Other α-hydroxy ketones 2b-e were reacted analogously to afford compounds 4b-e in 83-91% yields. Only compounds 2f,g were converted products 3f,g. Under microwave irradiation, compounds 2a, 2d, and 2e were converted into the desired products 4a, 4d and 4e. When α-hydroxy ketones 2b, 2c, 2f and 2g were used as substrates, reactions did not proceed to completion and products 3b, 3c, 3f and 3g were obtained. The reason of this diffference is not clear to us, but it is important to note that we used acetic acid as a solvent in both methods. It has been shown 21 that when acetic acid is used as a solvent in the microwave conditions, it does not increase the temperature of the reaction mixture. This is true for the other solvents such as water, ethanol and formic acid because the loss factors (tan δ) of these solvents are high but in the case of acetic acid it is medium (0.174). We speculate then that under microwave conditions, the energy required for aromatization is not available for all of the compounds to aromatize. To support this idea, when compounds 3b,c which were obtained in microwave conditions, were refluxed in acetic acid they were easily converted into 4b,c after 60 min. A reasonable mechanism is suggested in Scheme 2.
The structures of products were assigned based on the IR, 1 H NMR and 13 C NMR spectra along with elemental CHN-analyses data for unknown compounds. In the IR spectra of compounds 3b, 3c, 3f and 3g, the NH absorption band appeared at 3329 cm -1 , whereas in the IR spectra of compound 4a-e this absorption band was not observed. The 1 H NMR spectra of compounds 3b, 3c, 3f and 3g showed a singlet peak at δ 4.41-4.71 ppm for methine proton along with a broad signal bond at δ 5.57-6.09 ppm for the NH group. The 13 C NMR spectra were in agreement with the proposed structures (see Experimental Section). 
Conclusions
In conclusion, we have developed two straightforward cost-effective methods for the synthesis of quinoxalines in good to excellent yields. The reaction time in microwave irradiation was reduced in comparison to thermal procedure however in some cases, aromatization of the immediate dihydroquinoxaline products did not occur.
Experimental Section
General Procedures. Melting points were obtained on a Gallenkamp melting point apparatus and are uncorrected. IR spectra were recorded on a Mattson 1000 FT-IR spectrometer. commercially available and were used after purification.
General procedures for the synthesis of 2,3-diphenylquinoxaline(4a). Thermal method
A mixture of benzoin (0.42 g, 2 mmol), o-phenylenediamine (0.22 g, 2 mmol) and 10 mL of glacial acetic acid was heated to reflux. After 5 minutes a brown solution was observed; the progress of the reaction was monitored by TLC, and reflux was continued for 2 h. After cooling to room temperature, the reaction mixture was poured into cold water, extracted with dichloromethane (3×10 mL), dried with anhydrous calcium chloride, and then the solvent was evaporated under reduced pressure to afford the crude product. 
Microwave irradiation method
A mixture of benzoin (0.42 g, 2 mmol), o-phenylenediamine (0.22 g, 2 mmol), and 2 mL glacial acetic acid was irradiated in a microwave oven at a power output of 450 W. After 10 seconds, a brown solution was observed; the progress of the reaction was monitored by TLC. After completion of the reaction (upon three minutes), the reaction mixture was poured into cold water, extracted with dichloromethane (3×10 mL), the extract dried with calcium chloride, and then the solvent was evaporated under reduced pressure to afford the crude product. 2,3-Diphenylquinoxaline 4a was obtained as white needles after recrystalisation from ethanol. (0.54 g, m.p. 127-128°C [reported m.p. 128-129°C] 5b,16e,i,k , yield 96%). 1,2-Dihydro-2-phenylquinoxalin-3-yl)-N,N-dimethylbenzenamine (3g) 
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